INTRODUCTION
Closed recirculating systems are preferable to flow-through systems for high-density fish culture, because it enables us to control the optimum water temperature and water quality for rearing the target species. Water quality control in a closed recirculating system is achieved by combining treatment and reuse of water. The system usually includes an aerobic bio-treatment unit for biological oxidation of both ammonium and organic matter. However, constant reuse of water results in accumulations of nitrate (oxidation product of ammonium) and non-biodegradable organic matter. Otte & Rosenthal1) and Honda et al.2) demonstrated that nitrate accumulation can be minimized by introducing the denitrification unit. In this paper, we investigated the fate of carbon and nitrogen in closed seawater recirculating systems for Japanese flounder (Paralichthys olivaceus) to evaluate the efficiency of the physical and chemical treatments followed to avoid the accumulation of organic matter in the culture system.
MATERIALS AND METHODS
The experimental closed seawater recirculating system ( Fig. 1 ) comprised of an aeration chamber, octagonal shaped fish rearing tank, biofilter units, pH control tank and physical-chemical treatment systems. Ultraviolet sterilizer , settled sludge cleaner, foam fractionators and ozone generator were used for the physical-chemical treatments . Another identical recirculating system without the physical chemical treatment was used as a control.
Total seawater volume was 3 m3 and water flow rate was adjusted to 40 L/min. In the experimental system , rearing water was passed through 90 W ultraviolet sterilizer (SS 90SMR) at 30 L/min . A stream of ozone gas from an Uv ozonizer (SS-40S) was introduced continuously into the aeration chamber at 140 M903/h. The settled sludge cleaner had 4 nozzles that rotate at the bottom of the fish tank.
Settled sludge was sucked with water into a closed sand filter unit at 120 L/min.
The settled sludge cleaner was operated 3-5 times a week. The foam fractionators made of plastic cylinder were set in the fish tank with the aeration system.
Foam waste was also recovered from the top of the aeration chamber both in the experimental and the control systems.
In the experimental and control systems, 31-32 kg of fish (body weight 100-270 g) were stocked in three floating cages in the fish tank at a density of 14-27 kg/m2 and reared for 66 days. The fish was fed on the commercial pellet feed for the flounder until satiation two times a day and the leftovers were removed just after the feeding. Water temperature was controlled at 20 2C. The pH of rearing water was adjusted at 7.5.
Water samples for total organic carbon (TOC), dissolved organic carbon (DOC), ammonium, nitrite, and nitrate were collected from the fish tank three times a week. TOC and DOC were measured using TOC analyzer (Shimazu TOC-500). Inorganic nitrogen was analyzed according to Honda The difference in water quality between the treated and control system resulted in significant difference in survival and growth of the Japanese flounder.
During the 66 days of rearing, survival rates for the fish were 95-100 % in the experimental system and 36-93 % in the control.
Average daily growth was 0.50-0.85 % in the treated system, while in the control, it was only 0.11-0.38 %. At the end of the experiment, fish density per unit water volume in the system reached 13.8 kg/m3 in the experimental system and 10.3 kg/m3 in the control.
The carbon and nitrogen loads as feed into the system were 80 gC/d and 18 gN/d. In the experimental system, carbon and nitrogen contained in the pellet feed were transferred into the components of fish body (24 %C and 30 %N), dissolved organic matter in the culture water (0.5 %C and 1.2 %N), and the sludge (3.0 %C and 2.3 %N). In addition, nitrogen got accumulated as nitrate in the culture water (54 %N). Most of the carbon (70 %C) appeared to be transferred into inorganic carbon by fish respiration and biodegradation, and escaped into the air.
Low concentrations
of suspended solids and organic matter are essential for optimum nitrification in biofilter unit, because nitrifying bacteria are not able to compete efficiently with heterotrophic bacteria').
The physical-chemical treatments considerably reduced accumulations of particulate and dissolved organic matter in the rearing water . The reduction was mainly due to the ultraviolet irradiation, which can decompose organic matter in the seawater at about 200 mgC per day.
By the settled sludge cleaner, 2.2 %C and 1.9 %N were recovered as sludge and thus sludge accumulated in the experimental fish tank was reduced to 1/14 compared to the control.
Sludge in the biofilter unit was also halved in the treated system. 
